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Technical Note: Electrochemical and
Chemical Complications Resulting from
Yeast Extract Addition to Stimulate

Microbial Growth

Jason S. Lee** and Brenda J. Little*

ABSTRACT

Addition of 1 g/L yeast extract (YE) to sterile, aerobic (approxi-
mately 21% dissolved oxygen) and deoxygenated (<0.0001%
dissolved oxygen) natural seawater fixed the corrosion potential
(Ecorr) of 316L (UNS S31603) stainless steel. YE contains ribo-
flavin and other B vitamins that can act as redox mediators, sorb
to surfaces, and chelate metal ions. As demonstrated, YE alters
the pH of buffered media, including natural seawater. These
same activities are typically attributed to microorganisms and
are related to microbiologically influenced corrosion (MIC)
mechanisms. Despite the prevalent use of YE to stimulate
microbial growth in MIC experiments, the potential impact of YE
on the outcome of those experiments has not been examined.

KEY WORDS: 316L, microbiologically influenced corrosion,
redox mediators, riboflavin, yeast extract

INTRODUCTION

Yeast extract (YE) is routinely added to microbiolog-
ical media to encourage microbial growth, including
experiments designed to evaluate microbiologically
influenced corrosion (MIC), i.e., corrosion caused by the
presence and/or activities of microorganisms.'™ YE

is made by extracting yeast cells (removing the cell
walls). Several yeast species and growth media are
used for commercial production, including strains of
Saccharomyces cerevisiae grown on molasses-based
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media, debittered brewers yeasts (strains of Saccharo-
myces cerevisiae or Saccharomyces uvarum), Kluy-
veromyces fragilis fermented on whey, and Candida
utilis grown on carbohydrates or ethanol. Yeast cells
are harvested, washed, resuspended in water, and lysed
with enzymes. The resulting extract is filtered and
dried into a powder. Because of production variables,
the term “yeast extract” does not define a specific
chemical composition. Consequently, culture media
containing YE are undefined. YE typically contains
vitamins (e.g., thiamine, riboflavin, pantothenic acid,
pyridoxine, niacin, and cyanocobalamin) in addition
to carbohydrates and proteins (Table 1).

While developing a procedure for producing rapid
sulfate-reducing bacteria (SRB)-influenced corrosion
of Fe-15Cr-10Ni in the laboratory, Webster and
Newman?® reported that YE in their culture medium was
a potential “redox poising agent.” In redox poising, the
availability of electrons is fixed by a predominant redox
reaction. Webster and Newman® reported problems
with electrochemical measurements made in culture
media containing YE at concentrations of 1,000, 290,
and 57.1 mg/L. They demonstrated that removal of YE
from the medium reduced SRB growth rates but also
removed the interferences on electrochemical
measurements.

Based on the observations of Webster and
Newman,® Little and Lee,® and Lee, et al.,” Little, et al.,®
have communicated potential problems with the
addition of YE to electrolytes used for electrochemical
evaluations of MIC. However, YE is still used in
aerobic and anoxic MIC and MIC inhibition (MICI)
experiments at concentrations ranging from 0.5 g/L

CORROSION—DECEMBER 2015
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TABLE 1

Specifications for Yeast Extract’®
Total solids 96.0+2.0%
Total nitrogen 0.5+0.5%
Amino nitrogen 5.2+0.5%
Protein (N x 6.25) 65.6+3.0%
Carbohydrates 0.0+£3.0%
Vitamin B4 (thiamine) 10-200 mg/kg
Vitamin B, (riboflavin) 60-90 mg/kg

Vitamin B3 (niacin, nicotinic acid,
or nicotinic amide)

Vitamin Bs (pantothenic acid®)

Vitamin Bg (pyridixine)

Vitamin B4» (cyanoconalamin)

900-1,100 mg/kg
120-160 mg/kg
60-80 mg/kg
5-15 pg/kg

A Name according to U.S. National Library of Medicine."°

to 5 g/L."™* In addition to electrochemical measure-
ments, mass loss, scanning electron microscopy
(SEM), and pit depth profiles have been used to con-
clude microbial acceleration or inhibition of corrosion
in the presence of YE. The following discussion includes
a review of the use of YE as a redox mediator in
multiple applications and the problems that have been
documented. Experiments were designed to demon-
strate potential, unintentional abiotic consequences of
adding YE to sterile, natural seawater using aus-
tenitic stainless steel 316L (UNS S31603)"Y) under aer-
obic and deoxygenated conditions. Exposures of 24 h
lessened the possibilities of microbial contamination
and localized corrosion of corrosion-resistant 316L.

EXPERIMENTAL PROCEDURES

316L cylindrical coupons 1.25 in (3.2 cm) long,
0.188 in (0.48 cm) diameter, and 0.736 in” (4.823 cm?)
surface area were acquired from Metal Samples (Part
number EL4007). The chemical composition was pro-
vided by the manufacturer: Fe, <0.03% C, 16% to
18.5% Cr, 10% to 14% Ni, 2% to 3% Mo, <2% Mn, <1%
Si, <0.045% P, <0.03% S.

Natural seawater was collected at the Naval Re-
search Laboratory (NRL) in Key West, FL and shipped
overnight to NRL at Stennis Space Center, MS. Sea-
water was sterilized using a combination of filtration
and pasteurization.'! Seawater was filtered through a
0.22 um filter, collected in sterile glass bottles, pas-
teurized in an oven at 70°C for 2 h, and allowed to cool
to room temperature (23+1°C) overnight.

Electrochemical measurements were conducted
in Model KO047" corrosion cells (Princeton Applied
Research). Each cell contained one 316L coupon
(working), two graphite rods (counters), and a saturated
calomel electrode (SCE, reference) inserted into a
saturated potassium chloride-filled Luggin probe. Each

) UNS numbers are listed in Metals and Alloys in the Unified Num-
bering System, published by the Society of Automotive Engineers
(SAE International) and cosponsored by ASTM International.

f Trade name.

CORROSION—Vol. 71, No. 12

316L coupon was threaded onto a metal rod (pro-
viding electrical connection) and suspended vertically in
the center of the cell with a glass capillary sur-
rounding the metal rod. A rubber O-ring sealed the
metal rod from contact with the interior of the cor-
rosion cell, leaving only the working electrode
exposed.

Three h prior to corrosion cell assembly, 316L
coupons were hand polished to 600 grit, rinsed with
distilled water followed by methanol, and dried with
nitrogen gas. Electrochemical cells were assembled
with associated working and counter electrodes and
Luggin probe in place. A foam stopper was placed in one
port hole of each corrosion cell, allowing gas exchange
during the experiment. Assembled corrosion cells were
sterilized by autoclave for 15 min at 250°C. Reference
electrodes were not sterilized but were separated from
the interior of the cell by Luggin probe to reduce the
probability of microbial contamination.

Sterilized seawater was used for four test solu-
tions: (1) aerobic seawater exposed to laboratory air,
(2) deoxygenated seawater bubbled with anoxic gas
(Table 2) for 2 h, and (3) and (4) addition of 1 g/L YE
(Difco Laboratories) to solutions (1) and (2), respec-
tively. The pH was measured in all treatments using an
Accumet’ AR50 digital pH meter and adjusted to 8.15
with 0.5 M NaOH, if necessary. Solutions were visually
checked regularly for turbidity, an indication of
microbial contamination.

Seawater (550 mL) was added to each corrosion
cell. The solution level was below the O-ring/working
electrode connection and prevented the immersion
of unintended crevices from interfering with electro-
chemical measurements. The area of the working
electrode exposed to solution was 4 cm?. Experiments
were conducted at 23+1°C in laboratory air (aerobic)
and inside a controlled deoxygenated atmosphere
(Table 2) chamber’ (Coy Laboratory Products).
Palladium (Pd) catalyst stacks were placed within the
chamber to maintain the atmospheric oxygen level
to below 1 part-per-million (ppm) as measured by
an oxygen sensor (Model 10 Gas Analyzer', Coy
Laboratory Products). Humidity in the chamber was
suppressed with alumina desiccator stacks.

Corrosion potential (E¢or [Vscel) was measured
using a Reference 600" potentiostat and a ECM8'
Multiplexer (Gamry Instruments). The Luggin probe
was placed within 3 mm of the working electrode.
Experiments lasted 24 h. Dissolved oxygen in the

TABLE 2
Composition of Exposure Atmospheres in vol%
N2 002 Hz 02
Laboratory Air® 78.08 0.038 0.00005 20.95
Deoxygenated Bal. 0.1 10 <0.0001
@ Standard dry air.'2
1435
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seawater was not monitored. Solution oxidation-
reduction (redox) potential (E;) was measured at the
onset and the conclusion of each experiment with

an Orion 9179BN ORP Triode' (Thermo Scientific),
standardized with Orion 967961 ORP Standard
Solution®. E,, values are reported as mV vs. standard
hydrogen electrode (mVgsyg). Solution pH was measured
at the conclusion of each experiment and 316L sur-
faces were examined with a Quanta 200 SEM' (FEI
Company). Triplicates of each exposure condition
were performed and measurements (E¢q, En, and pH)
are reported as average values with associated
standard deviations.

RESULTS

Turbidity was not observed over the 24-h expo-
sure period. Localized corrosion (i.e., pitting and crevice
corrosion) was not detected on any 316L coupons
under SEM examination. Polishing marks were intact
on all coupons and microorganisms were not
observed on any coupons.

Upon receipt, seawater salinity and pH were
37°%/9° and 8.28, respectively. As aresult of the filtration/
pasteurization process, seawater pH was 8.15 and
salinity was unchanged. pH and E;, of the test solutions
at the experimental onset and after 24 h were aver-
aged and standard deviations reported (Table 3). Bub-
bling seawater with the gas mixture to remove oxygen
slightly increased sterile seawater pH to 8.16. Addition
of YE caused acidification of the both aerobic and
deoxygenated seawaters with a dependence on oxygen
content: pH 7.36+0.01 (aerobic) and pH 7.84+0.01
(deoxygenated). As shown in Table 3, pH of all seawaters
increased after 24 h to a maximum of pH 8.25
under deoxygenated conditions. Aerobic seawater
had the highest E;, (404+5 mVgyg), while deoxygen-
ated seawater with (-627+8 mVsyg) and without
(-628+4 mVsyge) YE addition had the lowest. Addition
of YE to aerobic seawater substantially decreased E;, to
30+14 mVgyg. After 24 h, deoxygenated seawaters
with (—443116 mVSHE] and without (—470117 mVSHE)
YE addition had statistically similar E;,. Aerobic
seawater maintained the highest overall Ey
(390+15 mVgyg) but decreased from initial values.

In contrast, E;, of aerobic seawater with 1 g/L YE in-
creased to an average of 132+26 mVgyg after 24 h.

Aerobic seawater with 1 g/L YE had the largest standard
deviations initially and after 24 h.

In aerobic seawater, E.. of 316L increased from
—0.02 Vgcg t0 0.06 Vgcg over 24 h (Figure 1). Eqop values
in deoxygenated seawater were consistently lower by
~0.1 V compared with aerobic measurements (Figure 1).
YE addition resulted in an average decrease of 0.08 V
in E¢orr for aerobic seawater (Figure 2). Figure 3 shows
the effect of YE addition on E . of 316L in deoxy-
genated conditions. E..+ was statistically similar with
and without YE addition over the 24-h exposure. For
exposures with and without YE, E . was initially
~—0.14 Vgcg and increased to near —0.05 Vgcg after
24 h. Average E.., values of 316L in aerobic and
deoxygenated seawaters with YE addition were nearly
identical, with standard deviations overlapping at
all times except for the initial points (Figure 4).

DISCUSSION

YE is a source of nutrients, especially nitrogen-
containing compounds and carbohydrates that can
stimulate the growth of some microorganisms.
However, YE does not always have a positive effect on
microbial growth. Widdel and Bak,'® working with
gram-negative mesophilic SRB, reported that several
SRB were not stimulated by complex nutrients,
and for a few, YE appeared to be inhibitory. YE
also contains B vitamins, including riboflavin and
nicotinnamide (Table 1), known redox mediators. Redox
mediators are typically small, soluble molecules
capable of accepting and donating electrons.'* Redox
mediators are often added to experimental systems to
improve the rate of electron transfer between microor-
ganisms and electrodes.'®> Much of what is known
about the redox mediating properties of YE has been
established for anaerobic reactions with azo dyes and
chloroform and in microbial fuel cells.

Yeast Extract Used in Microbiologically
Mediated Anaerobic Reactions with Azo Dyes
and Chloroform

Anaerobic reduction of the azo bond depends on
the redox potential of the solution and the specific dye.'®
The kinetics of azo dye reduction depends on the
dye concentration and on the presence of reducing
equivalents, external carbon sources, and redox

TABLE 3
Chemical and Electrochemical Properties of Exposure Seawaters

Atmosphere Yeast Extract (g/L) pH (initial) pH (24 h) E;, (initial) (mVspg) E, (24 h) (mVsug)
Aerobic 0 8.15 8.17+0.01 4045 390+15
Deoxygenated 0 8.16 8.25+0.04 —628+4 —470+17
Aerobic 1 8.15" 8.19+0.01 3014 132426
Deoxygenated 1 8.15" 8.25+0.01 —627+8 —443+16

A pH set by addition of 0.5 M NaOH.

1436
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FIGURE 1. Corrosion potential (Ecorr [Vsce]) of 316L over 24-h
exposure in sterile, natural seawater under aerobic (pH 8.15) and
deoxygenated (pH 8.16) conditions. Averages and standard devia-
tions of triplicate exposures are shown.

Aerobic

0.10

0.051 SW only

0.00 1

—0.05 1

Ect::rr (VSCE)

—-0.10 1

0151 +Yeast extract

-0.20 T . : -
0 5 10 15 20 25
Time (h)
FIGURE 2. Corrosion potential (Eqorr [Vsce]) of 316L over 24-h
exposure in sterile, natural aerobic seawater with 1 g/L yeast extract
(+Yeast Extract) and without (SW Only). Seawater pH was adjusted
to 8.15 after yeast extract addition matching the seawater-only value.
Averages and standard deviations of triplicate exposures are shown.

mediators.'” Correa, et al.,'® showed that 0.5 g/L YE
accelerated the kinetics of anaerobic decolorization of
azo dye solutions and attributed the effect to riboflavin.
They'® further concluded that 0.5 g/L YE was si-
multaneously a source of carbon and redox mediators.
Silva, et al.,"? observed the highest efficiency for color
removal in the presence of 0.5 g/L of YE. Avramova,
et al.,?° studying the effect of natural (riboflavin)
and synthetic redox mediators on microbial decolora-
tion of acid orange, an azo dye, reported that the
influence of the mediator depended not only on the
nature and concentration of the mediator, but also on
the specific microorganisms used in the process.
Guerrero-Barajas and Field?! evaluated redox
active vitamins (i.e., riboflavin [molar mass 376 g/mol]
and cyanocobalamin [molar mass 1,355 g/mol]) as
shuttles to enhance the anaerobic biodegradation of

CORROSION—Vol. 71, No. 12
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FIGURE 3. Corrosion potential (Ecorr [Vsce]) of 316L over 24-h
exposure in sterile, natural deoxygenated seawater with 1 g/L yeast
extract (+Yeast Extract) and without (SW Only). pH of both seawaters
was adjusted to 8.15 prior to experimental onset. Averages and
standard deviations of triplicate exposures are shown.

+Yeast Extract
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0.051
Aerobic

0.001
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FIGURE 4. Corrosion potential (Egor [Vsce]) of 316L over 24-h
exposure in sterile, natural aerobic and deoxygenated seawaters
with 1 g/L yeast extract (+Yeast Extract). As a result of acidification
from yeast extract addition, seawater pH was adjusted to 8.15 prior to
experimental onset. Averages and standard deviations of triplicate
exposures are shown.

chloroform by a consortium of methanogenic micro-
organisms. They reported only negligible degradation in
controls without the redox vitamins and enhanced
anaerobic degradation rates at substoichiometric molar
ratios as low as 0.1 (37.1 g/1) to 0.01 (13.55 g/L)
vitamin:chloroform for riboflavin and cyanocobalamin,
respectively. They®' concluded that riboflavin and
cobalamins dramatically increased rates of chloroform
biotransformation in very low mol:mol ratios.

Yeast Extract Used as a Redox Mediator in

Biofuel Cells

Sayed, et al.,”” evaluated the impact of YE in an
open-air biofuel cell consisting of carbon cloth as
an anode and a platinum electrode as the cathode.
Anode potentials were measured for different YE
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concentrations, i.e., 0.1, 1, 10, and 100 g/L. The
anode potential decreased with increasing YE concen-
tration. The authors interpreted the decrease as an
indication that YE was responsible for electron transfer.
The initial current density was 0.5 pA/ cm? at 0.1 g/L
YE and increased with increasing YE concentration to
7 LA/ cm? at 100 g/L. For all concentrations, the
observed current density decrease with time was at-
tributed to the microbial consumption of reduced
components in YE.

Lanthier, et al.,?® examined current production
by Shewanella oneidensis in microbial fuel cells with
defined media (no YE) and media with 0.5 g/L YE.
Shewanella species can produce electron shuttles,
which permit the microorganisms to reduce insoluble
Fe(Ill) oxides without direct cell-electron acceptor con-
tact.>* Lanthier, et al.,?® reported that current pro-
duction increased in media, with and without YE, to a
maximum of 0.2 mA to 0.3 mA with no consistent
differences between the two media. However, maximum
current was typically reached earlier in the medium
containing YE. They?® reported more planktonic
and sessile biomass in the presence of YE. There was
no mention of electron shuttles or redox mediators
contributed by the YE. Marsili, et al.,>* detected
redox-active molecules within Shewanella sp. biofilms,
with riboflavin being the dominant component during
incubation of >72 h. They further demonstrated se-
questration of riboflavin at carbon electrode surfaces
and concluded that whenever soluble flavins were
present, a percentage was adsorbed to the electrode.
They also observed binding of riboflavin to Fe(III)
and Mn(IV) oxy(hydr)oxide surfaces.

Yeast Extract Used in Microbiologically
Influenced Corrosion Experiments

Zhao, et al.,* concluded that Gulf of Mexico and
Arabian Gulf seawaters lacked sufficient organic carbon
to support the rapid growth of biofilms. Conse-
quently, they added 1 g/L YE, 3.5 g/L sodium lactate,
and 200 ppm (mg/L) Fe(ll) to the seawaters. At the
conclusion of their experiments, coupons were exam-
ined with SEM.* No pitting was observed in natural
seawater. In the augmented seawater samples spiked
with SRB, they observed microbial growth and
pitting after 1 week.

Using Modified Baar’s solution (American Type
Culture Collection medium 1249° containing 1 g/L YE),
Gu and Xu®® demonstrated that both riboflavin and
flavin adenine dinucleotide (FAD) added at a final con-
centration of 10 ppm increased weight loss and pit-
ting by Desulfovibrio vulgaris, without increasing the
number of planktonic or sessile cells. They>® con-
cluded that both riboflavin and FAD were MIC promo-
ters at 10 ppm (0.001 g/L). However, it does not
appear that they considered the MIC promoters, in-
cluding riboflavin, in the YE. One kg of YE contains
60 mg to 90 mg riboflavin (Table 1). One g of YE in 1 L of
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culture media would result in a concentration of
0.060 mg/L to 0.090 mg/L (ppm) riboflavin. As previ-
ously indicated, there are potentially other redox
mediators in YE.

Enning, et al.,?® stated that special SRB can
exploit metallic iron as electron source. Their experi-
ments were conducted in an anaerobic artificial
seawater medium described by Widdel and Bak.'®
However, it is difficult to determine the final compo-
sition of the medium in which the experiments were
conducted. Widdel and Bak'® described a multipur-
pose medium with 25 stock solutions, some containing
nicotinic acid, vitamin B;5, and YE or peptone.
Without knowing the specific composition, it is impos-
sible to evaluate the concentration of redox mediators
that could have been unintentionally added.

Using weight loss as an indication of corrosion,
several investigators®” 2 have demonstrated that cor-
rosion acceleration or inhibition of carbon steel by
aerobic microorganisms depended on growth media/
electrolyte composition. Experiments in all cases were
designed to show the impact of medium composition on
weight loss resulting from microorganisms and not
specifically designed to evaluate the impact of YE.
Interestingly, all groups evaluated a medium that
contained YE and a medium that was free of YE.
However, in all cases other variables were also altered
so that the absence/presence of yeast extract cannot be
interpreted. For example, in the Javed, et al.,?’
experiments, nutrient broth (2 g/L YE) contained 5 g/L
NacCl. Media without YE contained 0.5 g/L NaCl. In all
cases, the medium containing YE and the higher con-
centration of NaCl accelerated corrosion compared to
a sterile medium without YE and an order of magnitude
less NaCl. Rodin, et al.,>® made a similar observation
with Luria-Bertani medium (5 g/L YE, 10 g/L NaCl)
compared with glucose minimal medium with pep-
tone and with no YE and no NaCl, i.e., the uninoculated
medium containing YE and NaCl caused dramatically
more corrosion than sterile media without either YE or
NaCl. Neither group®”? related their observations to
YE specifically.

Nagiub and Mansfeld® compared E.,, values for
carbon steel (UNS G10100), cartridge brass (UNS
C26000), aluminum 2024-T3 (UNS A92024), and
316L stainless steel in artificial seawater (Vataanen nine
salts solution [VNSS]). They measured E ., in VNSS
with and without growth medium. VNSS with growth
medium contained 0.5 g/LYE, 1 g/L peptone, 0.5 g/L
starch, and 0.5 g/L glucose. The authors® did not specify
the oxygen concentration or pH of the media. The E
values were consistent with a deoxygenated condition.
The authors® did not observe a consistent electro-
chemical impact on E.,, resulting from addition of
growth medium. E_q, of aluminum 2024-T3 and
cartridge brass decreased, while E,, of carbon steel and
stainless steel increased. The authors® reported mi-
crobial contamination after 3 d in media containing YE.
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Laurent, et al.,>° measured E,, with a gold-

palladium alloy (Au 51.2%, Pd 38.6%, In 8.6%, and Ga
1.5%) and a nickel-chromium alloy (Ni 76%, Cr 13%,
Mo 3%, Ti 2%, and Be 1.5%) in artificial saliva with YE
(5 g/1) and without. The motivation for their study
was an evaluation of the corrosion behavior of dental
alloys in the presence of bacteria. Their 20-h
experiments were conducted at 37°C with rotation
(500 rpm) under anaerobic conditions. YE caused a
decrease in E.; relative to the sterile artificial

saliva without YE (92 mVgcg vs. 56 mVgcg for Au-Pd
alloy and —300 mVgcg vs. —360 mVgcg for the

Ni-Cr alloy). They attributed their observations to
changes in pH (5.5 without YE and 6.5 with YE) and
assumed (i.e., not measured) reduction of dissolved
oxygen and the presence of organic products in YE. In
the absence of other contributing factors, the one
unit increase in pH would predictably cause a reduction
in Egorr of 59 mV.3!

Abiotic Electrochemical Experiments

Data presented in this paper demonstrated the
electrochemical impact of adding 1 g/L YE to either an
aerobic or deoxygenated electrolyte (i.e., sterile, nat-
ural seawater), using E.,r and E;, measurements. Ey, is
a property of an electrolyte, indicating the oxidizing or
reducing tendency of an electrolyte, is electrode-mate-
rial independent, and is most frequently reported
with reference to SHE.?? For example, E,, typically
increases as dissolved oxygen concentration
increases to saturation. E..; is the characteristic of a
metal in an electrolyte. Byrne, et al.,>* demonstrated
that for high alloy steels, including 316L, in synthetic
seawater (no YE), there was a linear relationship
between E.. and E;,. However, that relationship does
not exist in the presence of YE. Addition of 1 g/L YE to
aerobic seawater (E;, = 30 mVgyg [Table 3]) caused a
decrease of E o to —0.12 Vgcg (Figure 2), the equiv-
alent of deoxygenation (Figure 1). The effect of the E o,
decrease with YE addition was minimal under deox-
ygenated conditions (Figure 3). Under aerobic condi-
tions, there was little change in E;, over the 24-h
exposure. In the absence of YE, deoxygenation resulted
in a dramatic decrease in E;, (404 mVsyg to
—628 mVgyg, Table 3), indicating a shift from oxidizing
to reducing conditions in the seawater. Under aerobic
conditions, addition of 1 g/L YE also caused an average
decrease in Ey, from 404 mVsyg to 30 mVgyg, pre-
sumably a result of the chemical oxygen demand of
organic constituents in the YE.? Under anaerobic
conditions, addition of YE did not influence E,.

Laurent, et al.,?° reported that addition of 5 g/L
YE in anaerobic sterile artificial saliva caused an
increase in pH (5.5 to 6.5) and decrease in E o
(92 mVSCE to 56 mVSCE and -300 rnVSCE to-360 mVSCE)
for precious and non-precious alloys, respectively.
This coupled observation is consistent with thermody-
namic predictions.®! Addition of 1 g/L YE to natural
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seawater (pH 8.15) caused an acidic shift in pH under
both aerobic (pH 7.34) and deoxygenated (pH 7.86)
conditions. However, all experiments described in this
paper were conducted at pH 8.15 to eliminate pH
effects. In both aerobic and deoxygenated cases, 1 g/L
YE caused a lowering of E.,,, (Figures 2 and 3). The
differences were more significant in the aerobic
exposure (Figure 2).

Data included in this paper can be used to con-
clude that the 1 g/L YE in seawater is a redox poising
agent (Figure 4), as postulated by Webster and
Newman.® Under both aerobic and anaerobic conditions
with YE, the E,.. of 316L stainless steel was between
0.05 Vgcg and —0.10 Vgcg. In addition, YE contains
redox mediators, sorbs to electrode surfaces,??=°
and chelates metal ions.”” Some microorganisms
secrete redox mediators, colonize surfaces, and
produce extracellular polymers that bind metals. These
are the very properties that are essential to under-
standing the role of microorganisms in MIC
experiments.

Cautions in the Use of Yeast Extract

YE is used successfully in anaerobic reactions
with azo dyes and the biodegradation of chloroform as
both a carbon source and a redox mediator. However,
the addition of YE to culture media in biofuel cells is
being questioned. Masuda, et al.,** concluded that
exogenous redox mediators added to media in fuel cells
affected the results. They>* strongly discouraged
addition of YE as a source of nutrients in microbial fuel
cell media and suggested that previous results
obtained in the presence of YE should be re-analyzed.
Sayed, et al.,”” stated that only a few of the functions
of YE in biofuel cells are known.

The obvious complexities introduced by addition
of YE to microbiological culture media have been ac-
knowledged by those working with microbial fuel
cells, but ignored by many MIC investigators. Further-
more, as YE is consumed and microorganisms grow,
the influence of YE is expected to change. Specific
YE-microorganism reactions make it impossible to
generalize about the potential impact of YE on the biotic
reactions in MIC experiments.

SUMMARY

In abiotic natural seawater, 1 g/L YE decreased
the pH and fixed the E.o of 316L to the same
value under both aerobic and deoxygenated condi-
tions. The composition of YE is not specific. Therefore,
the chemical and electrochemical consequences of
adding YE to stimulate growth of microorganisms in
electrochemical experiments may vary with different
YE products. Furthermore, because YE constituents are
redox mediators, sorb to surfaces, and chelate metal
ions, the impact of adding YE to MIC experiments
cannot be predicted.
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